The total amount of the colicin A lysis protein produced by cells grown in rich medium was analysed by immunoblotting. The intermediate forms of synthesis of this small lipoprotein were present in the cells at any time of induction, confirming that processing and maturation of colicin A lysis protein are slow and incomplete processes. The level of these various forms varied according to the time of induction, the growth conditions, the producing strain and the plasmid carrying the cal gene. It depended mainly on the presence in the producing strain of a degP gene which encodes the DegP protease. According to growth conditions, the DegP protease hydrolysed either a part or the total amount of the acylated precursor form. In some cases, a protease other than DegP seemed to act on either form(s) of the colicin A lysis protein.
Introduction
The colicin A lysis protein (Cal) is a lipopeptide responsible for the export of colicin A by cells of Escherichia coli carrying the colicinogenic plasmid pColA. It is synthesized in various steps, like other bacterial lipoproteins [l] , but more slowly. The precusor form (pCal), the modified precursor form (pCal"), the mature form (Cal) and the signal peptide have been identified by radiolabeling experiments [2] and by immunoblotting with a monoclonal antibody (except the signal peptide) [3] . Intermediary forms of another lysis protein, the cloacin lysis protein, have similarly been identified [4, 5] . To determine whether or not the synthesis of Cal in cells grown in a rich medium was as shown by radiolabeling, the total content of Cal was analysed by Western blots with polyclonal antibodies directed against the mature form of Cal.
It was shown that the three forms of Cal were always present in the cells. Their levels varied according to several factors, but mainly the presence of the DegP/HtrA protease, which hydrolyses the modified precursor form of Cal (pCa1") [2] . The DegP/HtrA protease [6, 7] is especially active in the $4 mutants devoid of the phospholipase A of the outer membrane, in which neither Cal nor other colicin lysis proteins [2, 8] can provoke release of proteins. However, in these mutants, as under some growth conditions, the amount of the various Cal forms varied in a way suggesting the presence of protease distinct from DegP and active on either form of Cal.
Materials and methods

Bacterial strains and plasmids
E. coli K12 strains W3110 (nalR), W3110 plaX and their degP41 derivatives have been previously described, as have the plasmids carrying the cal gene [2] . The plasmid pColA9 contains the wild-type colicin A operon in which the cal gene is expressed with colicin A under the SOS promoter. Plasmid pAT1 is plasmid pColA9 deleted from two thirds of the colicin A structural gene (caa> and half of the intercistronic region between the caa and the cal genes. This deletion eliminates the transcriptional terminator located downstream of the caa gene and results in the co-expression of both the caa' and the cal genes; the deleted caa' gene encodes a protein called AT1 which contains the first 172 N-terminal amino acids of the colicin A followed by 8 amino acids. Plasmid pCK4 contains the cal gene under the tat promoter in such a way that Cal is overproduced after induction with isopropyl-P-D-thiogalactopyranoside (IPTG). Plasmids containing mutation within the cal gene have been constructed from pColA9 [9] . Plasmids with a single aminoacid substitution in Cal are pA2 (R7E), pG4 (GllE) and pV1 (V14R). In pFS2, a frameshift mutation at amino acid 17 of the mature Cal sequence has been introduced. In pS18, a stop codon in the cal gene is located in such a way that it encodes a shortened Cal containing the first 18 amino acids.
Growth conditions
Strains were grown at 37°C with shaking in LB medium. Mitomycin C (Sigma) was added at 300 ng/ml, IPTG (Sigma) at 1 mM and globomycin (Sankyo Co Ltd., Tokyo), at 120 pg/ml.
Efectrophoresis and immunoblot analysis
Urea-SDS-polyacrylamide gel electrophoresis was carried out as described [2] . Proteins were transferred to nitrocellulose (Scheicher and Schuell, Inc) in a Biolyon apparatus (Biolyon SA) during 30 min at room temperature. The blots were incubated with an antiserum raised against the NS hybrid protein which contains the N-terminal part of colicin A fused to the sequence of the mature Cal (except for the first N-terminal cysteine residue) [3] . Bound antibodies were detected as described 1101. forms of Cal were observed (Fig. 1) . The precursor form (peal) and the modified precursor form (pCa1") were the most abundant forms present after 1 h of induction. Their levels decreased with time, whereas that of the mature form (Cal) increased, indicating that maturation was a slow process. The process never completed as the mature form was never the unique form detected. The amounts of the three forms of Cal were higher in cells carrying pAT1 than in cells carrying pCK4, perhaps due to the ready loss of this plasmid by the bacteria [2] . The reason for the stability of the precursor forms of Cal is unknown. They may have less affinity for the modifying and processing enzymes than for chaperone(s), or for themselves, resulting in the formation of polymers or aggregates.
Colicin A and protein AT1 were detected after the first hour of induction. Three forms of the AT1 protein were observed: one of 20 kDa corresponding to the AT1 protein present in the cells; one of 18 kDa corresponding to the AT1 protein released into the spent medium and truncated by 2 kDa by the OmpT protease [ll] ; and one of 22 kDa has never been observed by radiolabeling [2] , but has been detected with a monoclonal antibody directed against the N-terminal part of colicin A [lo] .
Assembly and export of the mature form of Cal
Pellets and supernatants of induced cells carrying either pColA9 or pAT1 were analyzed by immunoblots (Fig. 2) . The precursor forms of Cal were Cells of E. coli W3110 carrying either pColA9 or pAT1 were induced with mitomycin (M) or uninduced (C) for 3 h. Samples were taken and centrifuged, and pellets (P) and supematants (54) were analysed on gels after being heated ( +) or not (-) in the sample buffer. The relevant part of the Western blot of the gel is presented. Indications are as in Fig. 1 .
MMg ME M MMg ME observed only in the cell pellets, while the mature form was present in both the cells and the supernatants, confirming that Cal was released into the spent medium [12] . The amount of Cal present in the supematants was about 30% of that present in the corresponding cells, as determined by densitometry. The precursor forms of Cal were detected in the cell pellets whether or not the samples had been heated in SDS before loading on the gel. In contrast, the mature form of Cal was mainly detected in the heated samples of both the cell pellets and the supematants as previously shown by radioactive labeling [10, 12] . This behavior is common to outer membrane proteins and suggests that Cal adopts a polymeric structure stable in SDS.
Action of the DegPprotease on the levels of the three forms of Cal in cells grown in the absence or the presence of either divalent cations or EDTA
Wild-type and degP cells carrying pAT1 were analysed after induction as described above (Fig. 3) . In the degP mutant, the levels of both pCa1" and Cal were higher than in the wild-type, confirming that some amount of pCalm was hydrolysed by the DegP protease in degP + cells. The DegP protease cleaves pCa1" at two sites near the C-terminal end to give two truncated pCa1" which are matured into two truncated Cals [2] . In degP+ cells, but not in degP cells, two forms of Cal smaller than the mature form were detected after 3 h of induction. Their electrophoretic mobility corresponded to those of the truncated Cals formed after processing of the fragments of pCa1" produced by the DegP protease. Their detection varied according to the blotting conditions, explaining their absence in the other figures. They were detected in the presence of either Mg2' ions or EDTA indicating that the activity of the DegP protease did not depend on either agent.
In the presence of Mg*+ ions, the levels of the three forms of Cal were weaker than in the untreated cells. In the presence of EDTA, the amount of pCa1 was significantly increased and that of Cal slightly. However, the rate of Cal synthesis has been shown not to be affected by both agents [13] . Thus the variation in the level of Cal may be caused by a protease distinct from DegP, inhibited by EDTA and activated by divalent cations. The amount of Cal produced may explain the effect of both agents on Cal functioning [13] : the level of Cal was reduced in the presence of divalent cations and consequently Cal function drops; it was increased in the presence of EDTA and thus Cal functioning is accelerated. The release of proteins provoked by Cal was evidenced by the presence of the truncated AT1 protein formed in the medium: it was complete after 3 h of induction in both the control and the EDTA treated cells in which only the truncated AT1 protein was observed, but it was incomplete in the presence of Mg2+ as the intact protein AT1 was detected together with the truncated ATl.
Action of the DegP protease in a pld4 mutant
Immunoblots of Cal were performed on isogenic cells containing, or not, a degP or a pldA mutation and carrying either pAT1 or pCK4. In every strain, the three forms of Cal were present in different proportions (Fig. 4) . Their levels were particularly low in the piaX cells devoid of phospholipase A. In the pla2 degP double mutant carrying pAT1, the various forms of Cal were in similar amounts as in the pldA + degP bacteria, indicating that the DegP protease was the enzyme responsible for Cal degradation in the pla2 mutant. But in the pldA degP cells carrying pCK4, the levels of the different forms of Cal were just higher than in the pZd4 mutant and still lower than in wild-type. This may be caused by the action of an unknown protease acting on one form of Cal, and being particularly active in pZd4 cells when Cal is not synthesized along with an accompanying protein such as protein ATl. An insufficient amount of the mature form of Cal due to proteolysis may be, at least partially, one cause of the misfunctioning of Cal in the pldA mutants. After treatment with globomycin which inhibits specifically LspA, the lipoprotein signal peptidase [14] which processes pCa1" into Cal, large amounts of pCalm were detected in the degP cells together with some pCa1. The fragments of pCa1" produced by the DegP protease in wild-type cells were not observed. Possibly they are not recognized by the polyclonal antibodies, or they are degraded by unknown protease(
Action of the DegP protease at high temperatwe
As the DegP/HtrA protease is a heat-shock protein whose rate of synthesis is increased at high temperatures [7] , the synthesis of Cal was analysed by immunoblots after induction at normal and high temperatures (Fig. 5) . The levels of the various forms of Cal did not vary significantly from 37°C to 42°C. Thus the amount of the DegP protease present at both temperatures is sufficient to hydrolyze either part or a total amount of pCa1" according to the absence or the presence of globomycin. The same results were obtained whatever the temperature shift, that is with cells grown either at 30°C or at 37°C before induction at 37°C or 42°C.
Action of the DegP protease on Cal mutants
Western blots were performed on induced cells W3110 carrying various plasmids with mutation in the cal gene (Fig. 6 ). The substitution of one amino acid by another provoked a change in the migration of the mature Cal form as previously shown [9] . The mutant R7E seemed to be expressed in higher amounts than either wild-type Cal or mutant GllE or V14R: this may be due either to a different affinity of the Cal mutants for the antibodies or to a different degradation by unknown protease( The pCa1" of the various mutants were hydrolysed by the DegP protease in the presence of globomycin and their fragments were not detected. The frameshift mutant FS2 which has been shown not to be hydro- lysed by the DegP protease [2] , and the truncated mutant S18 which contains the 18 first amino acids of Cal, were not detected by the antibodies.
